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[57] ABSTRACT 

A magnetoresistive sensor having end regions separated 
from a central active region. The central region comprises 
magnetoresistive material. Each of the end regions com- 
prises a biasing material for longitudinally biasing the 
magnetoresistive material in the central region. Each of the 
end regions also include a lead structure formed over the 
biasing material for receiving electrical current. The lead 
structure includes a first refractory metal formed over and in 
contact with the biasing material; a second refractory metal 
distinct from the first refractory metal and formed over and 
in contact with the first refractory metal; and a lead con- 
ductor layer formed over and in contact with the second 
refractory metal. The multi-refractory lead structure has an 
overall resistance that is much lower than a single refractory 
metal lead structure. 

26 Claims, 8 Drawing Sheets 
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MAGNETORESISTIVE SENSOR HAVING 
MULTI-LAYERED REFRACTORY METAL 
CONDUCTOR LEADS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to magnetic transducers 
for reading information signals from a magnetic medium 
and, in particular, to a process for fabrication of improved 
conductivity leads for magneto resistive read transducers. 

2. Description of Related Art 

Computers often include auxiliary memory storage 
devices having media on which data can be written and from 
which data can be read for later use. A direct access storage 
device (disk drive) incorporating rotating magnetic disks are 
commonly used for storing data in magnetic form on the disk 
surfaces. Data is recorded on concentric, radially spaced 
tracks on the disk surfaces. Magnetic heads including read 
sensors are then used to read data from the tracks on the disk 
surfaces. 

In high capacity disk drives, magnetoresistive read 
sensors, commonly referred to as MR heads, are the pre- 
vailing read sensors because of their capability to read data 
from a surface of a disk at greater linear densities than thin 
film inductive heads. An MR sensor detects a magnetic field 
through the change in the resistance of its MR sensing layer 
(also referred to as an "MR element") as a function of the 
strength and direction of the magnetic flux being sensed by 
the MR layer. 

The conventional MR sensor operates on the basis of the 
anisotropic magnetoresistive (AMR) effect in which the MR 
element resistance varies as the square of the cosine of the 
angle between the magnetization of the MR element and the 
direction of sense current flow through the MR element. 
Recorded data can be read from a magnetic medium because 
the external magnetic field from the recorded magnetic 
medium (the signal field) causes a change in the direction of 
magnetization in the MR element, which in turn causes a 
change in resistance in the MR element and a corresponding 
change in the sensed current or voltage. 

Another type of MR sensor is the giant magnetoresislance 
(GMR) sensor manifesting the GMR effect. In GMR 
sensors, the resistance of the MR sensing layer varies as a 
function of the spin-dependent transmission of the conduc- 
tion electrons between magnetic layers separated by a non- 
magnetic layer (spacer) and the accompanying spin- 
dependent scatte^n'vvhich takes place at the interface of the 
magnetic and non-magnetic layers and within the magnetic 
layers. 

GMR sensors using only two layers of ferromagnetic 
material (e.g., Ni — Fe or Co or Ni — Fe/Co) separated by a 
layer of nonmagnetic material (e.g., copper) are generally 
referred to as spin valve (SV) sensors manifesting the SV 
effect. In an SV sensor, one of the ferromagnetic layers, 
referred to as the pinned layer, has its magnetization typi- 
cally pinned by exchange coupling with an antiferromag- 
netic (e.g., NiO or Fe — Mn) layer. The magnetization of the 
other ferromagnetic layer, referred to as the free layer, 
however, is not fixed and is free to rotate in response to the 
field from the information recorded on the magnetic medium 
(the signal field). In the SV sensors, SV resistance varies as 
the cosine of the angle between the magnetization of the 
pinned layer and the magnetization of the free layer. 
Recorded data can be read from a magnetic medium because 
the external magnetic field from the recorded magnetic 
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medium (the signal field) causes a change in direction of 
magnetization in the free layer, which in turn causes a 
change in resistance of the SV sensor and a corresponding 
change in the sensed current or voltage. 

5 In addition to the magnetoresistive material, the MR 
sensor has conductive lead structures for connecting the MR 
sensor to a sensing means and a sense current source. 
Typically, a constant current is sent through the MR sensor 
through these leads and the voltage variations caused by the 

10 changing resistance are measured via these leads. 

FIG. 1 shows a prior art AMR sensor 100 comprising end 
regions 104 and 106 separated by a central region 102. Soft 
film 112, spacer layer 114, MR layer 110 and cap layer 116 
are formed in the central region 102. Hard bias layers 130 

15 and 135 formed in the end regions 104 and 106, respectively, 
provide longitudinal bias for the MR layer 110. Leads 140 
and 145 formed over hard bias layers 130 and 135, 
respectively, provide electrical connections for the flow of 
the sensing current \ s from a current source 160 to the MR 

20 sensor 100. Sensing means 170 connected to leads 140 and 
145 sense the change in the resistance due to changes 
induced in the MR layer 110 by the external magnetic field 
(e.g., field generated by a data bit stored on a disk). 

?5 FIG. 2 shows a prior art SV sensor 200 comprising end 
regions 204 and 206 separated by a central region 202. A free 
layer (free ferromagnetic layer) 210 is separated from a 
pinned layer (pinned ferromagnetic layer) 220 by a non- 
magnetic, electrically-conducting spacer 215. The magneti- 
zation of the pinned layer 220 is fixed by an antiferromag- 
netic(AFM) layer 221. Cap layer 208, free layer 210, spacer 
layer 215, pinned layer 220 and AFM layer 221 are all 
formed in the central region 202. Hard bias layers 230 and 
235 formed in the end regions 204 and 206, respectively, 

3S provide longitudinal bias for the MR free layer 210. Leads 
240 and 245 formed over hard bias layers 230 and 235, 
respectively, provide electrical connections for the flow of 
the sensing current l s from a current source 260 to the MR 
sensor 200. Sensing means 270 connected to leads 240 and 

40 2 45 sense the change in the resistance due to changes 
induced in the free layer 210 by the external magnetic field 
(e.g., field generated by a data bit stored on a disk). 

The preferred material for constructing the leads in both 
the AMR sensors and the SV sensors is a highly conductive 

45 material such as a metal. In the MR sensors conductor leads 
face much more stringent requirements when compared to 
other interconnect conductors, such as for example semi- 
conductor devices. This is because the conductor leads, as 
well as the MR sensor films, are exposed at the sensor's air 

50 bearing surface (ABS). The leads have little protection from 
the severe mechanical environment where head-disk contact 
occurs frequently, and from the severe corrosion environ- 
ment where chemical attack occurs both during processing 
and also in actual use where the environment may not be 

55 well controlled. 

Early MR sensors were fabricated using pure gold met- 
allurgy and other highly conductive materials as the lead 
conductor. However, due to the exposure at the ABS, these 
soft materials had the potential reliability risks of 

50 electromigration, smearing and nodule formation. Tungsten 
and tantalum were introduced as gold substitutes due to their 
mechanical properties of being very hard while still having 
good electrical conductivity. 

Referring again to FIG. 2, the electrical resistance of the 

65 leads 240, 245 connecting the SV sensor 200 to the sense 
current source 260 is an important factor influencing oper- 
ating conditions of the S V sensor and its sensitivity as a read 
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5 transducer. High lead resistance can result in excessive IR 
heating of the SV sensor structure when lead resistance 
becomes significant. A second problem of high lead resis- 
tance is that the effective SV sensor sensitivity to the signal 
field is degraded when lead resistance becomes a significant 5 
fraction of 10 the total resistance measured by sensing 
means 270. 

The resistance R tl of lead 240, resistance R L2 of lead 245 
and the resistance R sv of the central region 202 of the S V 
sensor 200 together form a series electrical circuit through 10 
which the sense current [ s flows. The resistance through 
which sense current I 5 flows can be expressed as R r =R JV + 
R^ where the total lead resistance R/^Ri+R/^* It is desirable 
to have the sense current \ s flowing through the SV sensor 
resistance R sv as high as possible to maximize the voltage 15 
signals measured by sensing means 270. The sense current 
\ s flowing through Regenerates heat l s R sv which raises the 
temperature of SV sensor 200. Current 1^ flowing through 
the lead resistance R L generates additional heat I 5 R t which 
also contributes to the rise in temperature of the SV sensor 20 
200. The allowable operating temperature for reliable SV 
sensor operation is about 120 degrees C. If lead resistance 
R^ becomes a significant fraction of the total resistance R r , 
the lead resistance can become a limiting factor on the 
maximum allowable sense current \ s , 25 

The total resistance sensed by the sensing means 270 is 
R r =R 5V +R /i . The effect of signal field changes on the SV 
sensor 200 is a change of resistance by an amount of 
deltaR 5V . The effective sensitivity of the SV sensor 200 as 
sensed by the sensing means 270 can be expressed by the 
ratio deltaRy/Rj-. Since lead resistance R £ does not change 
with signal field, deltaR r is equal to delta R^ Thus the 
effective sensitivity of the SV sensor 200 as sensed by the 
sensing means 270 is given by deltaR 5V / (Rsv+R/.)- Com- 
parison of this expression with the expression for the GMR 35 
coefficient deltaR 5V /R 5V ,of the SV sensor 200 shows that the 
effective sensitivity is significantly degraded as lead resis- 
tance becomes comparable to the SV sensor resistance. 

In present SV sensors, the SV sensor resistance R sv is 4Q 
typically about 30 ohms. Lead resistance R^ is typically 
about 15 to 18 ohms. The effective sensitivity is therefore 
degraded by about 100R i /(R 5V +R JL )=35%. For AMR 
sensors, typical sensor resistance is 30 to 50 ohms and lead 
resistances are 15 ohms, so that effective sensitivity is 45 
degraded by about 27%. 

As higher data density disk drives are developed, smaller 
MR sensors with thinner lead layer structures are required to 
provide the higher data resolution. Lead resistance becomes 
an even greater fraction of the total MR sensor resistance in 50 
these smaller devices. Therefore, there is a need for low 
resistance leads that do not limit performance of present and 
future MR sensors. 

SUMMARY OF THE INVENTION 

55 

It is an object of the present invention to provide a very 
thin and highly conductive MR conductive leads structure 
that has improved electrical conductivity. 

According to the present invention, an MR sensor has a 
first and second end regions separated from each other by a 60 
central region in where a magneto resistive material is 
formed in the central region. The magnetoresistive material 
has a first edge and a second edge defining the width of the 
read head. First and second hard bias material layers are 
formed in the first and second end regions, respectively. The 65 
hard bias layers provide longitudinal bias to the magnetore- 
sistive material to maintain the desired orientation of the 
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magnetization of the magnetoresistive material at the first 
and second edge. A first multilayered lead structure is 
deposited on the first hard bias layer and a second multi- 
layered lead structure is deposited on the second hard bias 
layer. The first and second multilayered lead structures are 
constructed of multiple layers of thin film materials com- 
prising a first layer of a refractory metal, a second layer of 
a second refractory metal, and a layer of highly conductivity 
metal. The first and second layers of refractory metals act as 
first and second seed layers where seed layers are any layer 
deposited to modify the crystallographic texture or grain size 
of subsequent layers. The multilayered lead structures 
formed according to the present invention have significantly 
improved lead conductance over prior art lead structures. 

The above as well as additional objects, features, and 
advantages of the present invention will become apparent in 
the following detailed written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and advantages of 
the present invention, as well as the preferred mode of use, 
reference should be made to the following detailed descrip- 
tion read in conjunction with the accompanying drawings. 

FIG. 1 is a schematic diagram of the ABS view of the thin 
film structure of a prior art AMR sensor device; 

FIG. 2 is a schematic diagram of the ABS view of the thin 
film structure of a prior art SV sensor device; 

FIG. 3 is a block diagram of a magnetic recording disk 
drive system; 

FIG. 4 is a schematic diagram of the ABS view of the thin 
film structure of the preferred embodiment SV sensor of the 
present invention; 

FIG. 5 is a schematic diagram of the ABS view of the thin 
film structure of an AMR sensor embodiment of the present 
invention; 

FIG. 6 shows an SV sensor at the processing step after ion 
milling definition of the active region of the sensor; 

FIG. 7 shows an SV sensor after the processing step of 
depositing the biasing and conductor lead structure accord- 
ing to a preferred embodiment of the present invention; 

FIG. 8 shows an SV sensor having conductor lead struc- 
ture according to the present invention after the photoresist 
and PMGI have been lifted off. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The following description is the best embodiment pres- 
ently contemplated for carrying out the present invention. 
This description is made for the purpose of illustrating the 
general principles of the present invention and is not meant 
to limit the inventive concepts claimed herein. 

Referring now to FIG. J, there is shown a disk drive 300 
embodying the present invention. As shown in FIG. 3, at 
least one rotatable magnetic disk 3L2 is supported on a 
spindle 314 and rotated by a disk drive motor 318. The 
magnetic recording media on each disk is in the form of an 
annular pattern of concentric data tracks (not shown) on disk 
312. 

At least one slider 313 is positioned on the disk 312, each 
slider 313 supporting one or more magnetic read/write heads 
321 where the head 321 incorporates the MR sensor of the 
present invention. As the disks rotate, slider 313 is moved 
radially in and out over disk surface 322 so that heads 321 
may access different portions of the disk where desired data 
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is recorded. Each slider 313 is attached to an actuator arm 
319 by means of a suspension 315. The suspension 315 
provides a slight spring force which biases slider 313 against 
the disk surface 322. Each actuator arm 319 is attached to an 
actuator means 327. The actuator means as shown in FIG. 3 5 
may be a voice coil motor (VCM). The VCM comprises a 
coil movable within a fixed magnetic field, the direction and 
speed of the coil movements being controlled by the motor 
current signals supplied by controller 329. 

During operation of the disk storage system, the rotation 10 
of disk 312 generates an air bearing between slider 313 (the 
surface of slider 313 which includes head 321 and faces the 
surface of disk 312 is referred to as an air bearing surface 
(ABS)) and disk surface 322 which exerts an upward force 
or lift on the slider. The air bearing thus counter-balances the 15 
slight spring force of suspension 315 and supports slider 313 
off and slightly above the disk surface by a small, substan- 
tially constant spacing during normal operation. 

The various components of the disk storage system are 
controlled in operation by control signals generated by 20 
control unit 329, such as access control signals and internal 
clock signals. Typically, control unit 329 comprises logic 
control circuits, storage means and a microprocessor. The 
control unit 329 generates control signals to control various 
system operations such as drive motor control signals on line 25 
323 and head position and seek control signals on line 328. 
The control signals on line 328 provide the desired current 
profiles to optimally move and position slider 313 to the 
desired data track on disk 312. Read and write signals are 
communicated to and from read/write heads 321 by means 30 
of recording channel 325. 

The above description of a typical magnetic disk storage 
system, and the accompanying illustration of FIG. 3 are for 
representation purposes only. It should be apparent that disk 35 
storage systems may contain a large number of disks and 
actuators, and each actuator may support a number of 
sliders. 

FIG. 4 shows an air bearing surface (ABS) view of the SV 
sensor 400 manufactured according to the preferred embodi- 49 
ment of the present invention. S V sensor 400 comprises end 
regions 404 and 406 separated by a central region 402. A free 
layer (free ferromagnetic layer) 410 is separated from a 
pinned layer (pinned ferromagnetic layer) 420 by a non- 
magnetic, electrically -conducting spacer layer 415. The 45 
magnetization of the pinned layer 420 is fixed by an anti^ 
ferroma gnetic (AFM) layer 421. Cap layer 408, free layer 
410, spacer layer 415, and pinned layer 420 are all formed 
in the central region 402. The AFM layer 421 may be formed 
in the central region 402, or alternatively as in the preferred 50 
embodiment, Jhc.„^M_jayer _421 _ js_ formed jc 1 the end 
regio ns„404, 406 , and„ in.. the . cc ntraL.regionJSi.Hard b ias 
layers 430 and 435 formed in the end regions 404 and 406, 
respectively, and in contact with the MR sensor layers in the 
central region 402, provide longitudinal bias for the MR free 55 
layer 410. Leads 440 and 445 formed over hard bias layers 
430 and 435, respectively, provide electrical connections for 
the flow of the sensing current I 5 from a current source 460 
to the S V sensor 400. Sensing means 470 connected to leads 
440 and 445 sense the change in the resistance due to 60 
changes induced in the free layer 410 by the external 
magnetic field (e.g., field generated by a data bit stored on 
a disk). 

In this embodiment, free layer 410 is formed of Ni — Fe, 
pinned layer 420 is formed of Ni — Fe, and spacer layer 415 65 
is preferably formed of copper (Cu). Alternatively, pinned 
layer 420 may comprise a multilayer film structure such as 
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a first ferromagnetic layer/spacer/second ferromagnetic 
layer (e.g., Co/Ru/Co) where the first and second ferromag- 
netic layers are antiferromagnetically coupled by a spacer 
layer. 

In the preferred embodiment of the present invention, 
leads 440 and 445 comprise a multilayer structure formed on 
and in direct contact with the hard bias layers 430 and 435. 
In this embodiment, the hard bias layers 430 and 435 
comprise jj_ seed layer formed on the AFM layer 421 and a 
layer of CoPtCr formed directly on and in contact with the 
seed layer. The seed layer is preferably made of Cr. The 
leads 440 and 445 comprise a first seed layer 446 of a first 
refractory metal formed directly on and in contact with the 
CoPtCr hard bias layers 430 and 435, a second seed layer 
447 of a second refractory metal, distinct from the first 
refractory metal, formed on the first seed layer 446, and a 
lead layer 448 of highly conductive metal formed on the 
second seed layer 447. 

In the preferred embodiment, the first refractory metal of 
the first seed layer 446 is tantalum (Ta) (approximately 35 A 
thick), the second refractory metal of the second seed layer 
447 is chromium (Cr) (approximately 35 A thick), and the 
highly conductive metal of the lead layer 448 is tantalum 
(Ta) (approximately 750 A thick). 

The bi-layerseed structure of the present invention having 
first and second seed layers of distinctly different materials 
improves the lead conductance by approximately 33% for 
the SV sensor of the preferred embodiment compared to an 
SV sensor with only a single seed layer of Cr (35 A thick) 
and a lead layer of tantalum (750 A thick). The improved 
lead conductance obtained with the present invention is very 
important to MR sensor operation in high data density 
applications where MR sensor layer thicknesses are signifi- 
cantly reduced. 

FIG. 5 is an ABS view of a second embodiment of the 
present invention showing an AMR sensor 500 manufac- 
tured with the improved conductance multilayer lead struc- 
ture of the preferred embodiment. AMR sensor 500 com- 
prises end regions 504 and 506 separated by a central region 
502. An Ni— Fe MR layer 510 is separated from a bias layer 
520 by a non-magnetic spacer layer 515. Cap layer 508, MR 
layer 510, spacer layer 515, and bias layer 520 are all formed 
in the central region 502. Hard bias layers 530 and 535 
formed in the end regions 504 and 506, respectively, provide 
longitudinal bias for the MR layer 510. Leads 540 and 545 
formed over hard bias layers 530 and 535, respectively, 
provide electrical connections for the flow of the sensing 
current l s from a current source 560 to the MR sensor 500. 
Sensing means 570 connected to leads 540 and 545 sense the 
change in the resistance induced in the MR layer 510 by the 
external magnetic field. 

In this embodiment, leads 540 and 545 comprise a mul- 
tilayer structure formed on and in direct contact with the 
hard bias layers 530 and 535. In this embodiment, the hard 
bias layers 530 and 535 comprise a Cr seed layer formed on 
the substrate 525 with a layer of CoPtCr formed directly on 
and in contact with the Cr seed layer. The leads 540 and 545 
comprise a first seed layer 546 of a first refractory metal 
formed directly on and in contact with the CoPtCr hard bias 
layers 530 and 535, a second seed layer 547 of a second 
refractory metal formed on the first seed layer 546, and a 
lead layer 548 of a highly conductive metal formed on the 
second seed layer 547. In the preferred embodiment, the first 
refractory metal of the first seed layer 546 is tantalum (Ta) 
(approximately 35 A thick), the second refractory metal of 
the second seed layer 547 is chromium (Cr) (approximately 
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35 A thick), and the highly conductive metal of the lead 
layer 548 is tantalum (Ta) (approximately 750 A thick). 

The bi-layer seed structure of the present invention 
improved the lead conductance by approximately 17% for 
the AMR sensor of the preferred embodiment compared to 
an AMR sensor with a single seed layer of Cr (35 A thick) 
and a lead layer of tantalum (750 A thick). 

Table I summarizes the lead conductance improvements 
obtained by using the bi-layer seed structure of the present 
invention for both SV and AMR sensor lead structures. 



TABLE 1 



Sheet conductance of prior art lead structure and present 


invention lead structure in mhos/sq. 




Prior Art 


Present Invention 




Cr/Ta 


Ta/Cr/Ta 


Improvement 


SV Sensor Lead 0.357 


0.476 




AMR Sensor Lead 0.410 


0.478 


17% 



Calculations by the present inventor have been made to 
resolve whether the additional thickness of the lead structure 
due to introduction of an added seed layer could itself 
account for the observed conductance improvements 
achieved with a bi-layer seed structure. The 35 A thickness 
of the Ta first seed layer represents about 5% of the 750 A 
lead layer thickness. Since conductance of a thin film layer 
is expected to be proportional to the layer thickness, a 5% 
improvement in conductance of the lead structure with the 
bi-layer seed is the maximum improvement that could be 
expected (assumes conductivity of the Ta first seed layer 
material is equal to the conductivity of the thick Ta lead layer 
material). Measurements of the conductivity of the Ta seed 
layer material have shown that its conductivity is actually 
significantly lower than the conductivity of the Ta conduc- 
tive lead layer material, such that only about 1% of the 
improved conductivity of the lead structure of the present 
invention is due to the added 35 A thickness of the Ta first 
seed layer. 

Experiments by the present inventor with Ta conductive 
lead structures having a single Cr seed layer of varying 
thickness have been made to see if the improvement in Ta 
lead conductance can be achieved with a thicker single seed 
layer. For the SV sensor lead structure Substrate/NiO/Cr/ 
CoPtCr/Cr/Ta lead, increasing the thickness of the Cr seed 
layer for the Ta lead from 35 A to 75 A resulted in an 
improved lead sheet conductance of only 14% compared 
with the 33% improvement obtained with an equal total 
thickness of Ta/Cr bi-layer seed. 

Similar experiments with the AMR sensor lead structure 
Substrate/Cr/CoPtCr/CryTa lead indicate that increasing the 
thickness of the Cr seed layer for the Ta lead from 35 A to 
70 A results in an improved Ta lead conductance of only 4% 
compared with the 17% improvement obtained with an 
equal total thickness of Ta/Cr bi-layer seed. 

The foregoing calculations and experiments have shown 
that the large improvement in lead conductance achieved 
with the bi-layer seed structure of the present invention is an 
unexpected and novel advance in the art. The use of a 
multilayer seed structure, and in particular the bi-layer seed 
structure of this embodiment, has the effect of isolating the 
lead structure from deleterious effects of changes in the 
thickness or structure of sublayers such as the CoPtCr hard 
bias layers on which the conductive lead structure is formed. 

Referring now to FIGS. 6, 7 and 8, the method of making 
the best embodiment of the present invention of the SV 
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sensor of FIG. 4 is shown. nG.^shpws.tJie„multiJayered 1 .SV 
sensor structure after the pjpce^jng_steps_de fining the 
~c^nJJcal-reSc>D .602 of J he S~Y.se n>or Ji a ye^bee n co mpleted. To 
isagbj his sta ge of the processing, the _ multiUyere3 SV 

5 sensor ^struct ure _was deposited by successive ion beam 
Jj^ttenng* "depositions " as is^weff ^"staBTShed' in "tlie art. 
Poixdimethy!^ 650 is'formeti in 

T^twee h photoresist ,laye r . 652, and capping layer 605_. in 
order to facilitate the lift-off process, w hen removing. pho- 

io toresist 6 52. Photoresist 652 is laid-out oyer the multilayers 
that comprise the active central jegiqn of the SV sensor. The 
photoresist masks ; th e active region of the sensor during the 
ion beam milijQS and ^ejpc^tion proce^for the conductive 
lead sjracmresto be deposited on the end reg ions 604 a nd 

is -606- Th c layers Tying under the photoresist have been 
protected during the ion milling process and remain intact. 
The portions of the pinned layer 620, spacer layer 615, free 
layer 610, and capping layer 605 not protected by the 
photoresist during the ion milling process have been 

, 0 removed. The substrate 625 and NiO AFM layer 621 are no t 
a jfected by the ion milling process . 

FIG. 7 show the SV sensor after the hard bias and 
conductive lead structures have been deposited using ion 
beam sputtering deposition according to the present inveo- 

25 lion. First, Cr layer 732, which overlays NiO AFM layer 
721, is deposited, and hard bias layer 730 is laid over the Cr 
layer. Hard bias layer 730 is a thin layer of suitable hard 
magnetic material such as CoPtCr that is deposited in good 
interfacial contact with the free layer 710 of NiFe such that 

^ 0 the two layers touch. The present invention comprises at 
least two layers of refractory metals deposited on the hard 
bias layer to provide a multilayer seed structure for the 
current carrying highly conducting lead material. In the 
preferred embodiment, first seed layer 746 of Ta is deposited 

^ 5 on the CoPtCr hard bias layer 730, followed by second seed 
layer 747 of Cr deposited on said first seed layer. A much 
thicker, highly conductive lead layer 748 of Ta is then 
deposited on and in contact with second seed layer 747. 
During the deposition process, these layers are formed over 

40 the photoresist 752 and the PMGI 750. However, at the 
PMGI 750 a disconnect occurs because of the photoresist 
752 overhang. In the next process step, a solvent is intro- 
duced causing the photoresist 752 to be lifted off. The 
solvent dissolves PMGI 750 to allow photoresist 752 and the 

45 hard bias and lead structure layers deposited thereon to be 
washed away. The result is the SV sensor structure of FIG. 
8. 

Referring now to FIG. 8, an SV sensor is shown having an 
active SV structure formed in the central region 802 and 

50 having conductive lead structures 840 and 845 formed in the 
end regions 804 and 806. The conductive lead structures 840 
and 845 comprise a first layer seed 846 of Ta, a second seed 
layer 847 of Cr, and a conductive lead layer 848 of Ta 
according to the present invention. 

55 As can be seen from the foregoing, the present invention 
provides a conductive leads structure comprising a multi- 
layer seed for a conductive lead used for applications in an 
MR head. The use of a bi-layer seed structure for the seed 
layer on which conductive leads are deposited on thin MR 

60 sensor devices, improves the conductance of the leads on 
these thin sensors. The use of multilayer, and in particular 
bi-layer seed structures provides improved isolation from 
the effects of sublayer thickness and structure on the con- 
ductance of the conductive leads. 

65 While the invention has been particularly shown and 
described with reference to a preferred embodiment, it will 
be understood by those skilled in the art that various changes 
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in form and detail may be made therein without departing 
from the spirit and scope of the invention. 
What is claimed is: 

1. A magnetoresistive (MR) sensor having end regions 
separated from each other by a central region, said MR 5 
sensor comprising: 

an MR material formed in said central region; 

a biasing materials formed in each of said end regions for 

longitudinally biasing said MR material; and 
a conductive lead structure formed in each of said end 10 

regions for receiving electrical current, said conductive 

lead structures including: 

a multi-layer of refractory metals where the refractory 
metal of each layer in said multi-layer is alternately 
chosen from a first and a second refractory metal, 15 
said first refractory metal being different from said 
second refractory metal and 

a conductor lead formed over and in contact with said 
multilayer of refractory metals. 

2. The MR sensor of claim 1 wherein the refractory metals 
are selected from a group of material consisting of tantalum, 20 
tungsten, chromium, titanium and niobium. 

3. The MR sensor of claim 2 wherein the first refractory 
metal is tantalum and the second refractory metal is chro- 
mium and the conductive lead materia] is tantalum. 

4. The MR sensor of claim 3 wherein the thickness of the 25 
first refractory metal is between fifteen Angstroms (15) and 
one hundred Angstroms (100 A) and the thickness of the 
second refractory metal is between fifteen Angstroms (15 A) 
and one hundred Angstroms (100 A). 

5. The MR sensor of claim 1 wherein the magnetoresistive 30 
sensor is a spin valve (SV) sensor. 

6. The MR sensor of claim 1 wherein the magnetoresistive 
sensor is an anisotropic magnetoresistive sensor. 

7. The MR sensor of claim 1 wherein the biasing material 

is cobalt-platinum-chromium. 35 

8. A spin valve magnetoresistive (MR) sensor having first 
and second end regions separated from each other by a 
central region, said MR sensor comprising: 

a free ferromagnetic layer formed in said central region; 
a pinned ferromagnetic layer formed in said central 
region; 

a spacer layer formed between said free and pinned 

ferromagnetic layers; 
an antiferromagnetic layer for pinning the magnetization 45 

of said pinned layer, 
a biasing materials formed in said first and second end 

regions for longitudinally biasing said MR material; 

and 

a conductive lead structure formed in each of said first and 50 

second end regions for receiving electrical current, said 

conductive lead structures including: 

a multi-layer of refractory metals where the refractory 
metal of each layer in said multi-layer is alternately 
chosen from a first and a second refractory metal, 55 
said first refractory metal being different from said 
second refractory metal; and 

a conductor lead formed over and in contact with said 
multilayer of refractory metals. 

9. The spin valve sensor of claim 8 wherein the refractory 60 
metals are selected from a group of material consisting of 
tantalum, tungsten, chromium, titanium and niobium. 

10. The spin valve sensor of claim 9 wherein the first 
refractory metal is tantalum and the second refractory metal 

is chromium and the conductive lead material is tantalum. 65 

11. The spin valve sensor of claim 10 wherein the 
thickness of the first refractory metal is between fifteen 



Angstroms ( 15 A) and one hundred Angstroms (100 A) and 
the thickness of the second refractory metal is between 
fifteen Angstroms ( 15 A) and one hundred Angstroms (100 

A). 

12. The spin valve sensor of claim 9 wherein the biasing 
material is cobalt -platinum-chromium. 

13. A magnetic storage system comprising: 

a magnetic storage medium having a plurality of tracks 

for recording data; 
a magnetic transducer maintained in a closely spaced 
position relative to the magnetic storage medium dur- 
ing relative movement between the magnetic trans- 
ducer and the magnetic storage medium, the magnetic 
transducer including; a magnetoresistive (MR) sensor 
having end regions separated from each other by a 
central region, said MR sensor comprising: 
an MR material formed in said central region; 
a biasing materials formed in each of said end regions 

for longitudinally biasing said MR material; and 
a conductive lead structure formed in each of said end 
regions for receiving electrical current, said conduc- 
tive lead structures including: 
a multi-layer of refractory metals where the refrac- 
tory metal of each layer in said multi-layer is 
alternately chosen from a first and a second refrac- 
tory metal, said first refractory metal being differ- 
ent from said second refractory metal; and 
a conductor lead formed over and in contact with 

said multilayer of refractory metals; 
actuator means coupled to the magnetic transducer to 
move the magnetic transducer over selected tracks 
on the magnetic storage medium; and 
means coupled between the conductive lead struc- 
tures for detecting resistance changes in the mag- 
netoresistive material responsive to magnetic 
fields representative of data bits recorded in the 
magnetic storage medium intercepted by the layer 
of magnetoresistive material. 

14. The magnetic storage system of claim 13 wherein the 
refractory metals are selected from the group of material 
consisting of tantalum, tungsten, chromium, titanium and 
niobium. 

15. The magnetic storage system of claim 13 wherein the 
first refractory metal is tantalum and the second refractory 
metal is chromium and the conductive lead material is 
tantalum. 

16. The magnetic storage system of claim 15 wherein the 
thickness of the first refractory metal is between fifteen 
Angstroms (15 A) and one hundred Angstroms (100 A) and 
the thick ne^ of the second refractory metal is between 
fifteen Angstroms (15 A) and one hundred Angstroms (100 

A). 

17. The magnetic storage system of claim 13 wherein the 
magnetoresistive sensor is a spin valve (SV) sensor. 

18. The magnetic storage system of claim 13 wherein the 
magnetoresistive sensor is an anisotropic magnetoresistive 
sensor. 

19. The magnetic storage system of claim 13 wherein the 
biasing material is cobalt-platinum-chromium. 

20. A magnetoresistive (MR) sensor having end regions 
separated from each other by a central region, said MR 
sensor comprising: 

an MR material formed in said central region; 

a biasing materials formed in each of said end regions for 

longitudinally biasing said MR material; and 
a conductive lead structure formed in each of said end 

regions for receiving electrical current, said conductive 

lead structures including: 
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a first seed layer of a first refractory metal, a second 
seed layer of a second refractory metal, said second 
seed layer being formed over said first seed layer, 
said second refractory metal being different from 
said first refractory metal; and 

a conductor lead formed over and in contact with said 
second seed layer 

21. The MR sensor of claim 20 wherein the refractory 
metals are selected from a group of material consisting of 
tantalum, tungsten, chromium, titanium and niobium. 

22. The MR sensor of claim 20 wherein the first refractory 
metal is tantalum and the second refractory metal is chro- 
mium and the conductive lead material is tantalum. 
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23. The MR sensor of claim 22 wherein the thickness of 
the first refractory metal is between fifteen Angstroms (15 
A) and one hundred Angstroms (100 A) and the thickness of 
the second refractory metal Ls between fifteen Angstroms (15 
A) and one hundred Angstroms (100 A). 

24. The MR sensor of claim 20 wherein the magnetore- 
sistive sensor is a spin valve (SV) sensor. 

25. The MR sensor of claim 20 wherein the magnetore- 
sistive sensor is an anisotropic magnetoresistive sensor. 

26. The MR sensor of claim 20 wherein the biasing 
material is cobalt-platinum-chromium. 
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